Japanese female pearl divers called Ama specialize in free diving in the cold sea for 35 collecting foods and pearls in oysters. Exercising in the water combined with marked 36 bradycardia and pressor responses provides a circulatory challenge to properly buffer or 37 cushion elevated cardiac pulsations. Because Ama perform repeated free dives 38 throughout their lives, it is possible that they may have adapted similar arterial structure 39 and function to those seen in diving mammals. We compared arterial stiffness of 40 lifelong Japanese pearl divers with age-matched physically inactive adults living in the 41 same fishing villages.A total of 115 Japanese female pearl divers were studied. 42
Introduction 55
The Ama are Japanese female divers who specialize in free diving in the cold 56 sea for collecting foods and pearls. In the ancient times, women were thought to be 57 able to hold breath longer and better suited to diving in the cold water as they possess 58 an extra layer of fat for insolation. The history of Ama dates back almost 2,000 years 59 ago as it is referenced in the Gishi-Wajin-Den published in 268 BC. Even today Ama 60 dive into cold water without any modern diving equipment in order to reduce the risk of 61 overfishing and to protect the ecosystems. In a typical day, Ama perform ~100-150 free 62 dives holding breath for up to 2 minutes at a time (3, 13) . 63
From the physiological standpoint, each diving maneuver evokes the diving 64 reflex, a complex cardiorespiratory response to water immersion (19) . The diving 65 responses are initiated by apnea and consist of sympathetically-mediated peripheral 66 vasoconstriction and a dramatic increase in arterial blood pressure (6). The resultant 67 stimulation of arterial baroreceptors produces vagally-induced bradycardia (5, 12) . 68
These hemodynamic changes are accelerated by cooling of the faces in the cold sea 69 and/or hypoxia in prolonged breath-holding. The diving bradycardia is fairly substantial 70 getting reduced to 50% of the resting heart rate and persists in spite of the vigorous 71 underwater swimming performed by Ama (20) . 72
Exercising in the water combined with marked bradycardia and high blood 73 pressure provides a circulatory challenge to properly buffer or cushion elevated cardiac 74 pulsations (14) . Typically, this is the role of arterial compliance/stiffness embedded in 75 the cardiothoracic arteries since arterial compliance reflects the ability of an elastic 76 artery to expand and recoil with cardiac pulsation and relaxation (27) . In the diving 77 Indeed diving mammals, such as seals and whales, have adapted the arterial structure 79 such that the ascending aorta is about 3 to 4 times larger than their descending aorta 80 (17, 21) . This structural adaptation not only enhances the compliance function of the 81 aorta but also serves to maintain arterial flow during the protracted diastole of 82 bradycardia by giving the aorta the properties of a Windkessel, a German word meaning 83 elastic reservoir (10). The mechanical properties of arteries have a substantial ability 84 and plasticity to adapt to the chronic physiological loads that are accumulated over the 85 years (25). Because Ama perform repeated free dives and experience diving-induced 86 bradycardia (20) throughout their lives, it is possible to hypothesize that they may have 87 adapted similar arterial structure and function and demonstrate a favorable phenotype 88 of enhanced arterial compliance. However, currently there is no information available to 89 address this hypothesis. Pulse pressure has been used as a rough index of arterial 90 stiffness (2). It is interesting to note that Ama divers demonstrate a significantly lower 91 pulse pressure compared with age-and gender-matched non-Ama living in the same 92
village (26). 93
With this information as background, the primary aim of the present study was to 94 determine arterial structure and function of Ama divers compared with age-matched 95 non-Ama living in the same fishing villages. We hypothesized that Ama divers would 96 demonstrate a reduced arterial stiffness compared with non-Ama. 97
Methods 98
Subjects. A total of 115 Japanese pearl divers were studied. The comparison 99 groups included physically inactive adults and physically active adults living in the same 100 fishing villages. All the subjects were free of overt cardiovascular diseases as assessed 101 by medical history questionnaire. Pearl divers had been in the profession for 38±8 years 102 and had not performed other modes of regular exercise. Physically active adults had 103 been exercising regularly in the city-operated exercise and fitness programs. All 104 procedures were approved by the Institutional Review Board, and written informed 105 consent was obtained from each individual prior to participation. 106
Procedures. Before the measurements, subjects abstained from caffeine, fasted 107 for 3 hours, and abstained from exercise for at least 24 hours. Height, body mass, and Respiratory function. Vital volume, forced vital volume, forced respiratory 140 volume, and expiration peak flow were evaluated with conventional method using a 141 spirometer (SP-370COPD, Fukuda Denshi, Tokyo, Japan). 142 Statistical Analyses. One-way ANOVA was used to evaluate group differences. 143
In the case of a significant F-value, Fischer's LSD testing was performed to determine 144 significant group differences. Data are reported as mean±SD unless indicated 145 otherwise. Statistical significance was set at P<0.05. 146
Results 147
The physically inactive, physically active, and pearl diver groups were not 148 different in age, height, BMI, and medication status (Table 1) . Brachial blood pressure, 149 aortic blood pressure, ankle-brachial index were not different among the groups (Table  150 2). Brachial pulse pressure was lower and SEVR was higher in the physically active 151 and pearl diver groups than in the physically inactive group. Augmentation pressure 152 and augmentation index adjusted for the heart rate of 75 bpm were lower (P<0.05) in 153 pearl divers than the other groups. As shown in Figure 1 , arterial stiffness as measured 154
by CAVI and ß-stiffness index was lower (P<0.05) in the physically active and pearl 155 diver groups than in the physically inactive group. Average forced vital capacity 156 recorded in the present study (2.4-2.6 L) was similar to typical values predicted for 157 Japanese women of similar age and height (~2.6 L). There was no group difference in 158 vital capacity and forced expiratory volume. Peak flow was lower (P<0.05) in pearl 159 divers than in the other groups. 160
Discussion 161
The primary finding of the present study is that Japanese pearl divers 162 demonstrated a significantly lower arterial stiffness as assessed by CAVI and ß-stiffness 163 index compared with their age-matched physically inactive peers living in the same 164 fishing village. Additionally, lifelong pearl divers exhibited lower values in indices of 165 arterial wave reflection and higher values in subendocardial perfusion as estimated by 166 SEVR. Rather surprisingly, pulmonary function of pearl divers was not particularly high 167 and even lower than their physically inactive peers in some measures. Collectively, 168
Japanese female pearl divers are one of the most fascinating elements of 171 Japanese culture. However, the number of pearl divers is steadily decreasing in recent 172 years dropping to one eighth of the population of 60 years ago. It is estimated that less 173 than 2,000 pearl divers presently remain in the entire Japan, and the profession is on 174 the verge of extinction. The diminishing number of Ama is primarily due to a lack of 175 influx of young new pearl divers into this hard profession performed in the cold ocean 176 frequently under the intense sunlight. As a result, the average age of the pearl divers is 177 above the Japanese standard retirement age of 65 years as reflected in the mean age 178 in the present study. Importantly, most pearl divers remained relatively healthy and 179 were able to keep diving to a very old age. This preservation has provided an 180 opportunity for us to capture and study female pearl divers who had been performing 181 this profession for many decades. We found that lifelong pearl divers demonstrated 182 significantly reduced arterial stiffness as measured by multiple assessment modalities. function is concentrated in the aortic arch in these diving mammals as arterial stiffness 207 rises dramatically from the ascending aorta to the abdominal aorta (7). This abrupt 208 transition could produce a large impedance mismatch that can exert substantial impact 209 on arterial wave reflection and hemodynamics. Unfortunately, the differential 210 measurement of stiffness at the aortic arch and the descending thoracic aorta could not 211 be made in the present study. As such, it remains unknown if this sudden transition in 212 arterial stiffness exists in lifelong pearl divers. But we assessed arterial wave reflection 213 and its hemodynamic sequelae in an attempt to gain insight into this question. 214 was greater in pearl divers than in their physically inactive peers. Reduced arterial 217 wave reflection as well as increased subendocardial perfusion are associated with lower 218 cardiac events (16, 18) . Thus, regularly-performed diving maneuvers appear to provide 219 favorable influences on cardiovascular disease risks through its influence on arterial 220 wave reflection. 221
A rather surprising finding of the present study is the pulmonary function of the 222 pearl divers as assessed by the spirometry. Because of the repeated breath-hold diving 223 that they perform, their pulmonary function would be expected to be substantially 224 greater. However, the pearl divers did not demonstrate superior pulmonary function. 225
Their numbers were rather low and lower than their physically inactive peers in some 226 measures. The pearl divers have developed a unique breathing method during their 227 diving maneuvers. After surfacing from the ocean, they open their mouths slightly 228 letting out a loud and low whistle slowly on expiration. This maneuver is thought to 229 protect their lungs and prevent excessive hyperventilation that could lead to 230 unconsciousness. Lower pulmonary function in the pearl divers may be related to the 231 lifelong routine practice of this breathing pattern as many of the pearl divers could not 232 perform forced expiration required for the spirometer testing in spite of a number of 233
attempts. 234

Perspectives and Significance 235
The present study evaluated arterial stiffness of lifelong pearl divers who had 236 been in this profession for many decades. As hypothesized, their arterial stiffness was 237 significantly lower in Ama divers than in non-Ame living in the same village to be 238 suitable for dealing with repeated diving responses. Additionally, arterial wave reflection 239 was lower and subendocardial perfusion was higher creating hemodynamically 240 favorable conditions in Ama divers. Currently, the population of Japanese pearl divers 241 is on the verge of extinction as few young women come into this profession. Unless we 242 revive this fascinating profession, the present study could be the last large-scale 243 physiological study to investigate the arterial health of the Japanese pearl divers. 244
245
Acknowledgements 246
The present study was supported in part by the grant from the Japan Society of 247
Promotion of Science (S15718 to HT). The authors would like to thank Takashi Table 3 . Pulmonary function in physically inactive controls, physically active adults, and pearl divers 337
Variables
Physicallyinactive
Physicallyactive Pearl divers
Vital capacity, L 2.7 ± 0.5 2.9 ± 0.6 2.8 ± 0.6 Forced vital capacity, L 2.4 ± 0.4 2.5 ± 0.6 2.6 ± 0.6* Forced expiratory volume, L 2.3 ± 2.7 2.1 ± 0.5 2.0 ± 0.5 Forced expiratory volume, % 79.6 ± 11.2 83.7 ± 5.8 75.9 ± 10.2* † Peak flow, L/sec 4.2 ± 1.6 4.9 ± 1.5 3.9 ± 1. 
